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SPECIFICATION 

SEMICONDUCTOR DEVICE, CPU, IMAGE PROCESSING CIRCUIT AND 
ELECTRONIC DEVICE, AND DRIVING METHOD OF SEMICONDUCTOR DEVICE 

TECHNICAL FIELD 

The present invention relates to a semiconductor device, and more particularly to a 
semiconductor device formed of a thin film semiconductor element and an electronic 
device including a semiconductor device. Moreover, the invention relates to a driving 
method of a semiconductor device. 

BACKGROUND ART 

In recent years, a portable phone is widespread with the advance of 
communications technology. It is expected that a moving image will be transferred and 
more amount of information will be transmitted in the days ahead. Meanwhile, a 
personal computer for mobile use is produced due to the weight reduction. An 
information terminal which is called a PDA originated in an electronic data book is 
produced a lot and being widespread. In those portable information devices, a lot of 
semiconductor devices such as a CPU (Central Processing Unit) are used. 

There are various kinds of semiconductor devices. FIG. 10 shows a block 
diagram of a CPU as an example. A CPU 1001 shown here is formed of a timing control 
circuit 1002, an instruction analysis decoder 1003, a register array 1004, an address logic 
buffer circuit 1005, a data bus interface 1006, an ALU 1007, an instruction register 1008 
and the like. 

Now, each circuit is briefly described. The timing control circuit receives an 
instruction externally, converts it into data for internal use, and sends it to other blocks. 
Further, in accordance with an internal operation, the timing control circuit gives an 
external portion an instruction such as a read and write of memory data. The instruction 
analysis decoder 1003 plays a role to convert an external instruction into an instruction for 
internal use. The register array 1004 is a volatile memory which stores data temporarily. 
The address logic buffer 1005 is a circuit which specifies an address of an external 
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memory. The data bus interface 1006 is a circuit which puts data into and out of a device 
such as an external memory or a printer. The ALU 1007 is a circuit which provides an 
arithmetic operation. - The instruction register 1008 is a circuit which stores an instruction 
temporarily. A CPU is formed by a combination of such circuits. 
5 A semiconductor device such as a CPU these days use an insulator for a substrate 

instead of a silicon substrate. Such a semiconductor device is called an SOI (Silicon On 
Insulator) and presently being developed. By using an insulator as a substrate, a parasitic 
capacitance between a transistor and the substrate is reduced, thus a high speed and a 
power reduction can be achieved. In particular, it is used for a portable electronic device 

10 by virtue of the power reduction. An electronic device using a semiconductor device 
which consumes much power has problems that a large battery and a cooling fan are 
required, leading to a problem that an electronic device itself becomes large. 

In view of the aforementioned, a composite type semiconductor device is 
suggested which has a structure that a wiring substrate and a package are attached so as to 

15 satisfy a high thermal conductivity and low modulus. 
[Patent Document 1] 

Japanese Patent Laid-Open No. Hei 7-74282 

Moreover, FIG. 1 1 shows an example of a circuit having two stages of inverters of 
a semiconductor device using a conventional silicon substrate. In this example, the 
20 inverter circuits are formed of P-ch transistors 1102 and 1104, and N-ch transistors 1101 
and 1103. 

FIG. 12 shows an example of a circuit having two stages of inverters of a 
semiconductor device using an SOI substrate. In this example, the inverter circuits are 
formed of P-ch transistors 1202 and 1204, and N-ch transistors 1201 and 1203. 

25 

DISCLOSURE OF THE INVENTION 

[Problems to be Solved by the Invention] 

An SOI as described above is quite an efficient means for power saving of a 
portable electronic device, however, a following problem still remains. 
30 FIG 13 is a chart showing a relationship of a drain current and a gate voltage of an 

N-type MOS transistor. It is desirable that a drain current Id is sufficiently large in a 
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region in which a gate voltage Vg is positive and the drain current Id is 0 when the gate 
voltage Vg is equal to or less than 0. In fact, however, the drain current Id has a leakage 
current as much as IL even when the gate voltage Vg is 0 as shown by a curve 1301. As a 
present LSI is provided with millions of transistors, a sum of leakage currents of them can 
5 never be small although a current of each transistor is not large. Such a leakage current 
can cause an increase in power consumption of a semiconductor device in pending. 

By adding a slight amount of impurity to a channel region of a transistor, a curve 
shown in FIG 13 shifts to right a little, thus the leakage current can be reduced. In that 
case, however, a current is decreased in the case where Vg is positive also, therefore, it is a 
10 problem that a frequency characteristic of a circuit is decreased. 

Moreover, a semiconductor region touching the bottom side of a channel in a 
conventional semiconductor device using a silicon substrate is connected to GND or a 
power supply and applied a fixed potential. Therefore, an Id-Vg curve is fixed and a 
problem as described above occurs. In a circuit shown in FIG 12, a semiconductor 
15 region touching the bottom side of a channel in a semiconductor device using an SOI 
substrate is either floating or does not exist. Therefore, the Id-Vg curve is fixed and a 
problem as described above occurs after all. 

In view of the aforementioned problems, the invention provides a semiconductor 
device of which power consumption due to a leakage current is small, a driving method 
20 thereof, and an electronic device using it. 

[Means for Solving the Problems] 

In order to solve the aforementioned problems, the invention provides a 
semiconductor device in which a gate electrode is provided over both sides of a 
semiconductor thin film which forms a transistor, and a driving method thereof. A logic 

25 signal is applied to a first gate electrode and a threshold value control signal is applied to a 
second gate electrode, and a threshold value of a transistor which forms the semiconductor 
device is varied by a potential of the second gate electrode. Further, the invention 
provides a semiconductor device provided with a plurality of logic circuits formed of such 
a transistor with a back gate and a driving method of it. That is, power consumption due 

30 to a leakage current becomes a problem when a state of a transistor does not change much 
in many periods. Such a state is obtained a lot in a pending mode. On the other hand, in 
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a period in which a circuit operates frequently, power consumption is dependent on an 
on-characteristic of a transistor, thus a leakage current can be ignored. Such a mode is 
called an active mode. 

A distinction of such a pending mode and an active mode is controlled by a 
5 detection means (for example, a program) for controlling a threshold value control circuit. 
By using this detection means and the threshold value control circuit, a threshold value of 
a transistor can be changed. Therefore, as a threshold value of a transistor can be set high 
in pending, a power consumption due to a leakage current can be reduced. 

The invention comprises a logic circuit provided with a thin film transistor over an 

10 insulating surface and a detection means which detects an operating frequency of the logic 
circuit and outputs the detection result to a threshold value control circuit, in which the 
thin film transistor comprises a first gate electrode inputted with a logic signal and a 
second gate electrode inputted with a threshold value control signal from the threshold 
value control circuit, and an amount of current flowing between a source electrode and a 

15 drain electrode of the thin film transistor is controlled by the threshold value control signal. 
A semiconductor thin film is provided over the second gate electrode and the first gate 
electrode is provided over the semiconductor thin film. 

The invention comprises a logic circuit provided with a thin film transistor over an 
insulating surface and a storage medium storing a program for functioning as a detection 

20 means which detects an operating frequency of the logic circuit and outputs the detection 
result to a threshold value control circuit, in which the thin film transistor comprises a first 
gate electrode inputted with a logic signal and a second gate electrode inputted with a 
threshold value control signal from the threshold value control circuit, and an amount of 
current flowing between a source electrode and a drain electrode of the thin film transistor 

25 is controlled by the threshold value control signal. 

Further, the aforementioned semiconductor device is a CPU or an image 
processing circuit. 

The invention comprises a logic circuit provided with a thin film transistor over an 
insulating surface and a detection means which detects an operating frequency of the logic 
30 circuit and outputs the detection result to a threshold value control circuit, in which the 
detection means discriminates between a pending mode and an active mode and the 
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threshold value control circuit outputs to the logic circuit the threshold value control 
signal to raise a threshold value of the thin film transistor when the detection means 
discriminates the pending mode. - 

As described above, according to the invention, a threshold value of a transistor 
5 can be set high in pending and a leakage current can be reduced. Accordingly, a battery 
can be small in size, thus an electronic device which is small, lightweight, and consumes 
less power can be realized. 

[Effect of the Invention] 

According to the invention, a back gate is provided to a transistor and its back gate 
10 voltage is controlled by a detection means (a storage medium storing a program), thus a 
power consumption in pending is reduced. Accordingly, a battery can be small in size 
and an electronic device which has a small volume can be realized. A small size, 
lightweight, and thin design can be realized. 



1 5 BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiment Modes of the invention are described with reference to the drawings. 
Although the present invention will be fully described by way of example with reference 
to the accompanying drawings, it is to be understood that various changes and 
modifications will be apparent to those skilled in the art. Therefore, unless such changes 

20 and modifications depart from the scope of the invention, they should be construed as 
being included therein. 

FIG 1 is a semiconductor device using the invention. There are various kinds of 
semiconductor devices. A block diagram of a. CPU is shown in FIG 1 as an example of 
them. A CPU 101 shown here is formed of a timing control circuit 102, an instruction 

25 analysis decoder 103, a register array 104, an address logic buffer circuit 105, a data bus 
interface 106, an ALU 107, an instruction register 108 and the like. The aforementioned 
are the same as a conventional example, however, a threshold value control circuit 109 is 
added in the block diagram in FIG 1. The threshold value control circuit supplies a 
threshold value control signal to other logic circuits. 

30 The threshold value control signal is sent to a transistor which varies a threshold 

value. Description is made with reference to an example of two stages of inverter circuits 
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in FIG 2. In this example, inverter circuits are formed of P-ch transistors 202 and 204, 
and N-ch transistors 201 and 203. The invention is different from a conventional 
example in the respect that a transistor with a back gate having gate electrodes over both 
sides of a channel is used, a logic signal is applied to a first gate electrode and a threshold 
5 value control signal is applied to a second gate electrode. The threshold value control 
signal is supplied through a P-ch threshold value control line and an N-ch threshold value 
control line. 

FIG 3 shows an Id-Vg characteristic of a transistor having a first and a second gate 
electrodes. FIG. 3 shows three kinds of curves 301 to 303 in which the curve 302 is the 

10 one obtained when a fixed positive voltage is applied to the second gate electrode. In 
such a case, the curve shifts to left, allowing more current to flow. The curve 301 is 
obtained in the case of applying a voltage of 0 to the second gate electrode. Such a case 
is the same as a conventional example. The curve 303 is the one obtained when a 
negative voltage is applied to the second gate electrode. In such a case, the curve shifts 

15 to right and it becomes hard for the current to flow and a leakage current is decreased as 
well. By providing a threshold value control function to an inverter circuit to shift the 
Id-Vg curve, a leakage current can be decreased. 

Next, an operating method thereof is described with reference to FIG. 4. The 
semiconductor device of the invention has a detection means (for example, a program, a 

20 storage medium storing a program, or a software) for controlling a threshold value of a 
transistor. The detection means is formed of a program for detecting an operating 
frequency of a semiconductor device (logic circuit) and a program for operating the 
threshold value control circuit by invoking data for controlling the threshold value from 
within the semiconductor device or an external memory when the detection exceeds a 

25 certain level. 

The operating frequency detecting program counts the number of times a certain 
instruction is used within a certain period of time, and the operating frequency can be 
detected according to the count. That is, the number of times used in a certain period of 
time being set, it is determined to be a first mode when the detected number in that period 
30 is equal to or less than a certain value, while it is determined to be a second mode when 
the detected number exceeds a certain value. It is needless to say that the determination 
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method is not limited to this. Here, provided that the first mode is the pending mode and 
the second mode is the active mode, determination can be performed in the pending time 
and the active time, with which the threshold value is controlled. 

In this manner, by controlling the threshold value control circuit by providing the 
5 threshold value control circuit within a semiconductor device and detecting a mode of the 
semiconductor device by a detection means, a power consumption of the semiconductor 
device can be suppressed low according to the circumstance. 

The semiconductor device of this embodiment mode can be used as a CPU, an 
image processing device and the like. 
10 [Embodiment] 

[Embodiment 1] 

FIG 5 is a cross sectional view of a thin film transistor which forms the 
semiconductor device of the invention. Description on the manufacturing steps thereof 
follows. A base film 502 is formed over an insulating substrate 501 and second gate 
15 electrodes 503 and 504 are formed thereon. Subsequently, a gate insulating film 505 for 
the second gate electrode is formed and semiconductor thin film regions 506 and 507 are 
formed thereon. Next, gate insulating films 508 and 509 for the first gate electrode are 
formed and first gate electrodes 510 and 511 are formed thereon. After forming a 
source-drain region by adding a P-type impurity and an N-type impurity, an interlayer film 
20 512 is formed, a contact hole is opened, and source-drain electrodes 513, 514, and 515 are 
formed. In this manner, a transistor having a back gate can be formed. 

The invention is not limited to this embodiment and can be applied to the one 
having other shapes or made through other manufacturing steps. 

[Embodiment 2] 

25 FIG. 6 shows an embodiment of the threshold value control circuit. In this 

embodiment, there are a plurality of circuits to be controlled in threshold values in a 
semiconductor device and they are controlled independently. The threshold value control 
circuit of this embodiment is formed of memory circuits 603, 606, and 609 for storing data 
for controlling from a data bus, A/D converter circuits 602, 605, and 608 which converts 

30 the stored data into an analog voltage, and buffer circuits 601, 604, and 707 which buffer 
output the analog voltage. Output voltages of the buffer circuits are connected through 
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threshold value control lines to second gate electrodes of each circuit to control a 
threshold value of a transistor. In this embodiment, though a plurality of threshold value 
control circuits are provided for controlling a plurality of circuits independently, the 
invention is not limited to this and only one threshold value control circuit may be 
5 provided as well. 

[Embodiment 3] 

A method for driving the threshold value control circuit is specifically described 
with reference to FIG 7. FIG. 7 shows an address comparator 701, an address memory 
702, a counter 703, a reset signal generating circuit 704, a discrimination circuit 705, a 

10 discrimination reference value memory 706 and a threshold value control circuit 707. 
The address comparator is connected to an address bus and inputted with address data. 
The address data stored in the address memory is also inputted. It compares these two 
data and when they match, outputs a signal indicating the match to the counter 703. 

The counter 703 counts an output of the address comparator 701. At this time, a 

15 reset signal is inputted regularly from the reset signal generating circuit 704. Provided 
that the reset signal is inputted once in 0.01 second, the counter 703 counts the number of 
times data of the address memory 702 and data of the address bus match. The time is not 
limited to 0.01 second and may be other time as well. 

The discrimination circuit 705 compares an output of the counter 703 and data of 

20 the discrimination reference value memory 706 and operates the threshold value control 
circuit 707 so as to lower the threshold value in the case where the output value of the 
counter 703 is larger than the value of the discrimination reference value memory 706. 
Further, the threshold value control circuit 707 is operated so as to raise the threshold 
value in the case where the output value of the counter 703 is smaller than the value of the 

25 discrimination reference value memory 706. 

In FIG 7, the address memory 702, the discrimination reference value memory 
706 may be a fixed memory such as a mask ROM, a rewritable non- volatile memory such 
as an EEPROM, or a volatile memory such as an SRAM which stores data as required. 

FIG 8 shows a circuit diagram of an address comparator 801. FIG 8 shows an 

30 example of 4-bit for simplicity, however, it is not limited to 4-bit. A value of each bit of 
an address bus 802 and an address memory 801 is inputted to EXORs 803 to 806 and 
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outputs of the EXORs 803 to 806 are inputted to a NOR 807. In FIG 8, a latch circuit 
808 is connected to an output of the NOR 807 for preventing a glitch and the like in 
switching operations, however, this is not necessarily provided. With a latch pulse, data 
after switching is latched. 
5 The counter 803 may be a known counter with a reset terminal. The reset signal 

generating circuit 804 is only required to divide a signal having a fixed frequency such as 
a clock signal into as many as required. The discrimination circuit 805 is only required 
to subtract a value of the discrimination reference value memory 806 from an output of the 
counter 803 and operate the threshold value control circuit 807 at the points when a 
10 difference thereof changes from plus to 0 and when it changes from minus to 0. Also, the 
threshold value control circuit 807 is only required to be operated at the points when the 
difference changes from 0 to minus and when it changes from 0 to plus. 
[Embodiment 4] 

The semiconductor device of the invention can be used to various electronic 
15 devices. Electronic devices having the semiconductor device of the invention are 
described below. 

Such electronic devices include a video camera, a digital camera, a head mounted 
display (goggle type display), a game machine, a car navigation system, a personal 
computer, a portable information terminal (mobile computer, portable phone, electronic 
20 book or the like) and the like. Examples of these are shown in FIG 7. 

FIG 9 A illustrates a digital camera including a main body 9101, a display portion 
9102, an image receiving portion 9103, operating keys 9104, an external connecting port 
9105, a shutter 9106 and the like. By using the semiconductor device of the invention to 
a control circuit, an image processing circuit and the like of a camera, a digital camera 
25 which is small in size and consumes less power can be obtained. 

FIG 9B illustrates a notebook personal computer including a main body 9201, a 
housing 9202, a display portion 9203, a keyboard 9204, an external connecting port 9205, 
a pointing mouse 9206 and the like. By using the semiconductor device of the invention 
to a CPU and the like, a notebook personal computer which is small in size and consumes 
30 less power can be obtained. 

FIG 9C illustrates a portable information terminal including a main body 9301, a 
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display portion 9302, a switch 9303, operating keys 9304, an infrared port 9305 and the 
like. By using the semiconductor device of the invention to a CPU, an image processing 
circuit and the like, a portable information terminal which is small in size and consumes 
less power can be obtained. 
5 FIG 9D illustrates an image reproducing device provided with a recording 

medium (specifically a DVD reproducing device), including a main body 9401, a housing 
9402, a recording medium (CD, LD, DVD or the like) reading portion 9405, an operating 
switch 9406, a display portion a9403, a display portion b9404 and the like. The display 
portion a mainly displays image data while the display portion b mainly display text data. 

10 By using the semiconductor device of the invention to an image processing circuit and the 
like of an image reproducing device provided with a recording medium, an image 
reproducing device which is small in size and consumes less power can be obtained. 
Note that the invention can be used to a CD reproducing device, a game machine and the 
like as an image reproducing device provided with a recording medium. 

15 FIG 9E illustrates a folding portable display device. By using a CPU and the like 

using the invention to a main body 9501, a portable display device which is small in size 
and consumes less power can be obtained. 

FIG 9F illustrates a video camera of which main body 9601 includes a display 
portion 9602, a housing 9603, an external connecting port 9604, a remote control 

20 receiving portion 9605, an image receiving portion 9606, a battery 9607, an audio input 
portion 9608, an ocular portion 9609, operating keys 9610 and the like. By using the 
semiconductor device of the invention to an image processing circuit and the like, a video 
camera which is small in size and consumes less power can be obtained. 

FIG 9G illustrates a portable phone including a main body 9701 , a housing 9702, a 

25 display portion 9703, an audio input portion 9704, an antenna 9705, an operating key 9706, 
an external connecting port 9707, and the like. By using the semiconductor device of the 
invention to a CPU and the like, a portable phone which is small in size and consumes less 
power can be obtained. 

As described above, an application range of the invention is quite wide and the 

30 invention can be applied to electronic devices of various fields. Further, the electronic 
devices described in this embodiment can be realized by using any configuration in any 



Attorney Docket No. 12732-21 800 1/US7081 

combination of the embodiment mode and Embodiments 1 and 2. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 is a diagram showing the semiconductor device of the invention. 

FIG 2 shows an inverter circuit of the semiconductor device of the invention. 

FIG 3 shows a drain current characteristic of a transistor used in the 
semiconductor device of the invention. 

FIG 4 shows a detection means used in the semiconductor device of the invention. 

FIG 5 is a cross sectional view of the semiconductor device of the invention. 

FIG 6 shows the threshold value control circuit of the invention. 

FIG 7 is diagram showing a driving method of the threshold value control circuit 
of the invention. 

FIG 8 is a circuit diagram of the an address comparator used in the invention. 
FIG 9 shows electronic devices using the semiconductor device of the invention. 
FIG 10 is a diagram showing a conventional semiconductor device. 
FIG 1 1 shows an inverter circuit of a conventional semiconductor device. 
FIG 12 shows an inverter circuit of a conventional semiconductor device. 
FIG 13 shows a current characteristic of a transistor used in a conventional 
semiconductor device. 
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